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Three-Dimensions Sustainability Framework (S-E-I)

Structural sustainability (S)

• membrane integrity
• cluster connectivity
• stable distances & contact graphs
Metrics: lifetime, breakup rate, ⟨k⟩, 
⟨L_nn⟩

Energetic sustainability (E)

• persistence of ion/proton gradients
• τ_gradient ≥ τ_diff as criterion
• ΔpH pockets as usable energy
Metrics: ΔpH, τ_gradient, heat proxy

Informational sustainability (I)

• recurrence of macrostates
• attractor return dynamics
• ε-machine stability of transitions
Metrics: P_return, T_return
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Mapping of Prebiotic Sustainability Levels to 
Reliability Engineering Concepts 
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Structural Distance D(t,Δt) from Order-Parameter 
Vector θ(t)
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Core Idea
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Consistent physical–functional framework

Transition from statistical description to pragmatic, function-modulating dynamics through recurrent
stabilization and organizational feedback. Semantic meaning arises from persistence-oriented attractors, while
pragmatic function emerges when organizational variables causally modulate future system dynamics.
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Coupled structural, energetic, and informational 
feedback loops 
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Looking for Local Activity Zones / Principle
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Prebiotic sustainability space and life–death threshold

Move from passive stability to 
measurable proto-liveliness:

▪ Proto-liveliness requires coupled 
S–E–I sustainability

▪ Goal: define quantitative Life–
Death threshold
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Energetic Sustainability E (κ > 1)

Gradients must outlive diffusion (κ)

▪ Gradient energy: ΔμH⁺ ~ kBT·ΔpH

▪ Efficiency η: power allocated to stabilization

▪ High E → persistent non-equilibrium organization
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Life–Death Threshold Logic (Three Gates)
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Take-home Message
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Michael Massoth
Contact:

michael.massoth@h-da.de

Thank you very much for your attention.
Are there any questions?


